Gundis (Ctenodactylus gundi) are gregarious, rock-dwelling rodents found in northern Africa. Very little is known about the behavioral ecology of C. gundi, or any other ctenodactylid rodent. The current study uses mark and recapture data of social groups of C. gundi in Tunisia to ascertain information on group composition and to obtain preliminary evidence on group formation. The majority of groups were found to be multimale and multifemale. Group size averaged 5.6 individuals 6 2.0 SD with 2.6 6 0.9 adult males and 3.0 6 1.7 adult females per social unit. Examination of recapture data suggests that groups of C. gundi result from both male and female natal philopatry in conjunction with male-biased dispersal. This study provides evidence that C. gundi may be a cooperatively breeding rodent, although results may be confounded by the effect of a drought.
Rock formations are found throughout the world and, almost everywhere that they occur, one or more species of rock-dwelling mammal can be found living within the fissures and crevices. In Africa, rocky habitat is home to rock and bush hyrax (Procavia and Heterohyrax), rockhares (Pronolagus), and dassie rats (Petromus typicus- George and Crowther 1981; Hoeck 1989; Nowak 1991) . More than 60% of Namibia's endemic mammals are in fact rock-dwellers (Griffin 1998) . In Asia, rocks are home to mountain voles (Alticola), pikas (Ochotona), and the recently rediscovered woolly flying squirrel (Eupetaurus cinereus), whereas the outcrops in South America are inhabited by punaré (Thrichomys apereoides), chinchillas (Chinchilla), and the rock cavy (Kerodon rupestris-dos Reis and Pessoa 2004; Lacher 1981; Mead 1999a, 1999b; Nowak 1991; Spotorno et al. 2004; Zahler 1996) . In Australia, 11% of all rodents and marsupials are considered to be rock-specialists, including species of rock wallabies (Petrogale), wallaroos (Macropus), and rock rats (Zyzomys-Freeland et al. 1988) . Even the tiny island of East Plana Cay in the Bahamas has an endangered rockdwelling mammal, the Bahamian hutia (Geocapromys ingrahami), living within crevices of rock formations (Clough 1972) .
Despite the fact that there are so many rock-dwelling mammals found throughout the world, very little is known about the behavior of most species in the wild (Mares and Lacher 1987; Nutt, in press ). Most information that has been accumulated is largely observational or anecdotal. There are perhaps 4 reasons why so little is known about the natural history, behavior, and ecology of most rock-dwelling mammals: Many rock-dwelling mammals inhabit extreme environments in which it can be very taxing to work; the complex topography of rocky habitat makes it extremely challenging to observe, track, or trap petrophilic (''rock-loving'') mammals; the excellent climbing abilities and timid nature of many rockspecialist mammals makes capturing them an extremely complicated process (Lacher 1981; Nutt 2003b; Rowlands 1974; Spotorno et al. 2004; Streilein 1982; Zahler and Khan 2003) ; and many rock-dwelling mammals are rare, threatened, or on the verge of extinction, making it extremely difficult to study them, yet increasingly necessary that we do so (Balcom and Yahner 1995; Jiménez 1996; Oliver 1977; Zahler 1996) .
What little is known about the sociobiology of petrophilic mammals suggests that the majority of species are social (Mares and Lacher 1987; Nutt, in press ). In a review of behavioral, morphological, and ecological convergences among rock-dwelling mammals, Mares and Lacher (1987) found that 9 of the 10 rodentiform petrophiles for which information on social structure was available could be classified as group living. Of these 9 species, 7 lived in harems that contained multiple females per male (the bushy-tailed woodrat [ (Brown et al. 1989; Smith and Ivins 1984) . A recent compilation of information on rodents that are restricted to living in rocky crevices further supports the notion that petrophilic mammals tend to be social (Nutt, in press ).
The ctenodactylid family of rodents contains 5 species in 4 genera, all of which are restricted to living within rock outcrops in the desert and semidesert regions of northern Africa (George 1974) . In this paper I characterize the social group structure of 1 ctenodactylid rodent, Ctenodactylus gundi (the common name gundi has been recommended for this species by Wilson and Cole [2000] ). Gundis occupy territories that contain 1 or more main crevices in which the entire group generally spends the night. Additional crevices throughout the territory are used during the day while foraging (George 1974; Gouat 1991 ). Previous studies have described C. gundi as living in polygynous social groups or colonies that contain 1 or more adult males and females and offspring (George 1981; Gouat 1988a Gouat , 1991 Séguignes 1979) . Social group sizes of up to 20 individuals have been recorded (Gouat and Gouat 1983 ), yet the exact number of males and females within groups has not previously been reported in the literature. Furthermore, despite the fact that C. gundi is known to live in groups containing multiple adult males, no studies to date have obtained detailed information on the prevalence or formation of multimale groups. In particular, it is not known whether multiple males reside within a group as a result of natal philopatry, or whether multiple males immigrate into a social group. Both types of group formation have been observed in other rodents. For example, male natal philopatry leads to the formation of multimale groups in many cooperatively breeding rodents (Solomon and Getz 1997) , whereas multimale groups in capybara (Hydrochaeris hydrochaeris) form by the immigration of multiple males into a social group, the order of arrival of each male influencing his dominance status, his acceptance by females, and his ability to obtain matings (Herrera and Macdonald 1993) . The current paper has 2 primary objectives. First, I document the occurrence and prevalence of multimale, multifemale groups in C. gundi. Second, I attempt to determine how groups of C. gundi are formed through the use of mark and recapture data. In essence, this is the 1st study of C. gundi in which all individuals from many neighboring groups have been marked, identified, and observed for the purpose of obtaining detailed information on group composition and a better understanding of the presence, formation, and existence of multimale groups.
BIOLOGY OF C. GUNDI
Ctenodactylus gundi is a diurnal rodent found in the northwestern corner of Africa from Morocco to northwestern Libya. Despite the fact that C. gundi has been the most extensively studied of all 5 species of ctenodactylid, very little is known about the behavioral ecology of this rodent. The following information has been accumulated from several different studies on captive animals and a few observations of gundis in the wild.
Reproduction and life-history information.-Adult females have litters that contain 1-3, but more generally 2, precocial young (George 1978 ) after a gestation period of 69-79 days (Gouat and Gouat 1987a) . In Tunisia, offspring observed in March were most likely born sometime between January and March (George 1978) . In Algeria, young were observed at the end of February and the end of June; these animals presumably had been born in 1 of 2 breeding seasons, the 1st occurring in February and March, the 2nd occurring in May in conjunction with a prepartum estrus (Gouat 1985) . In captivity, female C. gundi have been known to give birth year-round (Honigs and Greven 2003) . C. gundi born in captivity weighed 18-40 g at birth and were able to reach adult weight (200-350 g) at 2-3 months of age (Gouat 1985) . The earliest evidence of sexual receptivity for a female was at 75 days (Gouat 1985) , but the earliest a female became pregnant was at 5 months of age (Honigs et al. 2002) . In general, sexual maturity can be reached at between 8 and 12 months of age (Gouat and Gouat 1987a) . Although the life span of wild gundis is unknown, the longest an animal is known to have lived in captivity is 6 years (S. Honigs, pers. comm.) .
Dispersal patterns.-Although detailed field observations of dispersal have not been conducted, it is thought that juvenile males leave their natal group sometime between August and December, around the time when matings are thought to occur in advance of the January birthing season (Gouat 1988a; Séguignes 1979) . Females are thought to be primarily philopatric, with the exception that small groups of females may fission from larger groups (Gouat 1988b ).
MATERIALS AND METHODS
Study site and study population.-Field research was carried out in Tunisia during March-July 2000 and January-June 2001. Field research was timed to coincide with what was believed to be the breeding season of C. gundi. During 2000, 91 gundis from at least 22 separate groups were captured from 10 sites throughout Tunisia (Fig. 1) . In 2001, all research was carried out at the Desert Site, a single site near the edge of the Sahara Desert approximately 20 km southwest of the village of Beni Kheddache, Tunisia (Fig. 1) . During the 2001 field season, 141 animals from 22 neighboring groups were studied at this Desert Site. All gundis were trapped by using singleand double-door live traps (models 103 and 104, Tomahawk Live Trap Co., Tomahawk, Wisconsin). At capture, each individual was weighed by using either a 300-or 600-g Pesola scale (Pesola AG, Baar, Switzerland). Animals were also measured (ear, hind foot, and tail) and marked with black hair dye (Lady Clairol Nice 'n Easy, Procter and Gamble, Stamford, Connecticut) for individual recognition. Individuals were marked for permanent identification with Monel 1005-1 ear tags applied with a 1005-1s applicator (National Band and Tag Co., Newport, Kentucky), then released at the site of capture after handling. This research was performed in a humane manner, followed guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998), and was approved by the Animal Care and Use Committee at the University of California at Berkeley.
Assigning group membership.-Typically, members of the same social group would spend the night together in 1 large crevice. In the morning when they emerged, my field assistants and I censused group membership by using binoculars. Group membership of marked individuals was confirmed at this time, and new, unmarked individuals were targeted for trapping. Individuals were assigned to a group if they were observed to interact with other members of the group or were trapped within the group's territory. Once all members of a group were trapped and marked, that group was monitored for 3 h at least once a week for the duration of the field season to confirm group composition. Territories were defined based on crevice usage; a crevice that was used by members of a group was considered to be part of that group's territory. The outermost crevice used by a group member delineated that group's territorial boundary. Territories were well defined and exclusive. Only on 3 occasions did the members of 1 group use the outlying crevice of a neighboring group when the neighboring group was in another part of their territory. Group membership also was well defined. Individuals from neighboring groups were not observed to interact with one another. The only exception was the Green group, whose members were considered to be part of the Rainbow group in 2000. In 2001, these groups were not observed to interact with one another but 1 adult male originally thought to be a member of the Green group apparently dispersed to Rainbow shortly after the disappearance of 1 of the adult males in that group. For the purpose of analysis of group composition, these 2 groups were considered independent and the adult male who dispersed from 1 group to the other was considered to be part of his original group, the Green group.
Data analyzed.-To determine group composition, all individuals within a group were sexed and their age status was defined by using body weight. For individuals trapped multiple times during a field season, mean body weight during that year was used for analyses. The weight distributions for males and females in 2000 and 2001 were compared to illustrate the virtual lack of reproduction in 2001.
Group composition was determined for all groups that were enumerated totally and whose territory was known. Groups for which complete membership was undetermined, or for whom individuals could not be assigned as adults unambiguously, were excluded from calculations. The 17 resultant focal groups had all been studied in 2001 and contained only adult individuals. The number of adult males and females in these groups could therefore be defined as the total number of each sex present.
Five groups at the Desert Site were studied in both 2000 and 2001. Data from individuals captured in these groups in 2000 were compared to recapture information from 2001 to assess patterns of natal philopatry, dispersal, and group formation.
Statistical analyses.-Statistical analyses were carried out by using either JMP version 5.0 (SAS Institute Inc., Cary, North Carolina) or Statistica version 6.0 (StatSoft, Inc., Tulsa, Oklahoma). Nonparametric 2-tailed tests were used when at least 1 variable was not normally distributed. Mean values 6 1 SD are given in the results.
RESULTS
Determining adult status.-Weight distributions for all males and females caught each year are shown in Fig. 2 . In 2000, the best-fit nonparametric density curves for both males and females indicated a bimodal distribution of body weights. Neither data set was normally distributed (Shapiro-Wilk Wtest: W ¼ 0.898, P , 0.001 for females; W ¼ 0.943, P , 0.05 for males) and both were characterized by inverse S-shaped normal quantile plots indicative of a bimodal distribution (Fig. 2) . Moreover, both distributions had a negative value of kurtosis signifying that they were platykurtic, but only the distribution of weights of females was statistically significant in this respect (2-tailed test: t ' ¼ 2.147, P , 0.05 for females; t ' ¼ 1.506, not significant for males). The 2001 weight distributions for both females and males were not extensively bimodal even though they had negative values of kurtosis, nor were they significantly deviant from a normal distribution (Shapiro-Wilk W-test: W ¼ 0.966, P ¼ 0.14 for females; W ¼ 0.969, P ¼ 0.26 for males; Fig. 2 ). Both females and males exhibited a statistically significant shift in distribution of weights between 2000 and 2001 (Kolmogorov-Smirnov 2-sample test: P , 0.001 for females; P , 0.005 for males). The mean weight of females increased by 17 g, whereas that of males increased by 28 g. However, this change in mean weight was significant only for males (Mann-Whitney U-test: males, U ¼ 1,082.5, Z adjusted ¼ À2.147, P , 0.05; females, U ¼ 1,347.5, Z adjusted ¼ À1.346, P ¼ 0.18).
The observed changes in weight distributions provide evidence that there was very little reproduction at the study site in 2001. This lack of reproduction was most likely the result of a drought that encompassed much of northern Africa for the duration of my fieldwork. Because few offspring were born between the 2000 and 2001 field seasons, the majority of individuals caught in 2001 were most likely at least 7 months old at the start of my field season, and therefore could be considered adults. Only 4 individuals caught in 2001, all from the same social group, could have been born in 2001. These 4 individuals weighed between 150 and 180 g when they were 1st caught between 26 March and 14 May 2001. According to the growth curves of captive animals, the smallest of these gundis could have been 5-11 weeks old at 1st capture (George 1978; Gouat 1985; Honigs et al. 2002) . However, growth curves for gundis in the wild have not yet been established and it is likely that weight gain takes longer in the wild than in captivity. For example, a 128-g female caught in 2000 on my study site weighed only 160 g the next time she was caught, 214 days later. A similar weight gain for a captive animal would have taken approximately 2-3 weeks (George 1978; Gouat 1985; Honigs et al. 2002) . Because not all members of the group that contained the putative juveniles were captured, this group was not included in the analyses of group composition.
Group composition.-For the 17 focal groups studied in 2001 that were enumerated totally and whose territory was known, group size ranged from 2 to 10 animals with an average of 5.6 6 2.03 individuals per group. Groups contained an average of 2.6 6 0.86 adult males and 3.0 6 1.70 adult females. There were 1-4 adult males in a group, and 1-6 adult females per group, with no significant difference in the number of adults of each sex in a group ( Fig. 3 ; Wilcoxon matchedpairs test: N ¼ 17, T ¼ 44.00, Z ¼ 0.909, P ¼ 0.363).
Ninety-four percent of all groups (16 of 17) contained 2 or more adult males (Fig. 4) . Seventy-one percent of all groups (12 of 17) also contained more than 1 adult female (Fig. 4) . Three additional groups, studied in 2001 but not included in analyses because of incomplete sampling, had at least 4 adult males each.
The sex ratio across all 17 focal groups was male biased at 1.3 males per female and ranged from 2 males and 5 females in a group to 3 males per female. Six of these recaptured males were adults in 2000 (with weights of more than 240 g), but 2 had been juveniles weighing less than 190 g. The 4 males that were not recaptured during my 2nd field season initially weighed 135-212 g, a weight at which dispersal is likely to occur. However, not 1 of these 4 males was recaptured in a neighboring group in 2001 despite extensive trapping of 18 additional adjacent territories. Therefore, of 3 subadult and juvenile females, all remained in their natal group. Of 6 subadult and juvenile males marked in 2000, at least one-third were philopatric, remaining in their natal group in 2001, whereas two-thirds dispersed outside of the study site or died (either while dispersing or while still in the natal group). Although sample sizes are small, this evidence indicates that both males and females are philopatric, and suggests that dispersal could be male biased.
DISCUSSION
Group composition.-Ctenodactylus gundi lives in social groups that are predominately multimale and multifemale. Ninety-four percent of all groups contain multiple males; 71% of all groups are multimale and multifemale. On average, groups have a male-biased sex ratio. This male-biased sex ratio is particularly interesting because comparative studies suggest that male mammals generally try to monopolize access to females (Clutton-Brock 1989; Emlen and Oring 1977) . Information on social group formation may provide insight into why social groups of C. gundi contain multiple individuals of both sexes.
Group formation.-All female C. gundi recaptured during the 2nd year of the study, including 3 subadult and juvenile females, still resided in the group in which they had originally been captured. All recaptured males showed similar group fidelity. Although no dispersal was observed between field seasons, two-thirds of subadult and juvenile males disappeared during this time, possibly because of sex-biased dispersal. Additional evidence for male-biased dispersal comes from the 1 male thought to have dispersed between 2 groups in 2001. Multimale, multifemale groups in C. gundi therefore most likely result from both male and female natal philopatry, in conjunction with male-biased dispersal. Genetic analyses using microsatellite genetic markers confirm and support these findings (Nutt 2003b ). These results support previous field observations of C. gundi that asserted females were primarily philopatric (Gouat 1988b ). However, although previous research asserted that juvenile males are forced out of their natal group before the breeding season (Gouat 1988a; Séguignes 1979) , the current study indicates that this is not always the case; male natal philopatry also sometimes occurs. It is unclear whether male natal philopatry predominates in social groups of C. gundi though, or whether this phenomenon resulted directly from the drought (see below). Additional studies of social groups of C. gundi need to be carried out during nondrought periods to verify the frequency of occurrence of male natal philopatry.
Effect of drought.-For some rodents, group living seems to have evolved because of the need for extended parental care in harsh environments (Armitage 1999; Barash 1974) . Largebodied marmots living at high altitudes have a very short growing season so offspring tend to delay dispersal for 1 or more years, remain in the natal burrow, and forego reproduction. This leads to the formation of cooperatively breeding social units (Armitage 1999; Barash 1974) . C. gundi also may use philopatry as a means of surviving extreme environmental conditions. Some evidence suggests that C. gundi may not be able to survive in areas with extremely low levels of rainfall Gouat 1982, 1983) . In both Algeria and Tunisia, C. gundi is only found where rainfall is !50 mm per year (Gouat 1988a (Gouat , 1988b Séguignes 1983) . In contrast, Ctenodactylus vali (Val's gundi) can be found where yearly precipitation is as little as 30 mm (Gouat 1988a (Gouat , 1988b . Similarly, although C. vali inhabits regions that have had no rain for more than 80 months, C. gundi apparently cannot survive in areas that have had .2 years of drought (Gouat 1988a (Gouat , 1988b . It has been suggested that the group territorial nature of C. gundi limits its ability to emigrate out of regions that are experiencing unfavorable climactic conditions and, similarly, that group territoriality limits the ability of C. gundi to colonize new sites during favorable climactic regimes (Gouat 1988a (Gouat , 1988b (Gouat , 1991 . These studies provide evidence that the distribution of C. gundi may be largely determined by the presence of adequate rainfall.
The current research also suggests that C. gundi is not well adapted to low levels of precipitation. A severe drought during the course of this study led to the suppressed reproduction of most (if not all) individuals on the study site. Offspring growth rates when compared to captive animals also seemed to be severely affected by the lack of rain. These slow growth rates may have been the primary reason some males remained philopatric from one year to the next; it is likely that males chose to remain in their natal group because they were not of a sufficient weight for dispersal. This argument seems logical given how harsh environmental conditions can lead to natal philopatry and group formation in marmots (Armitage 1999; Barash 1974) . Although the presence of a drought may help to explain the levels of social structure observed in the current study, it remains to be determined whether harsh environmental conditions have prevailed over evolutionary time and are the primary reason for group living in gundis.
Ctenodactylus gundi as a cooperatively breeding rodent.-According to Solomon and French (1997) , cooperatively breeding species can be defined as those that have delayed dispersal of offspring leading to an overlap of generations within social groups, reproductive suppression of some individuals within the social group, and communal offspring care. Solomon and Getz (1997) list rodents known to breed cooperatively. In addition to this list, social coruros (Spalacopus cyanus), nutria (Myocastor coypus), and several species of marmot (genus Marmota) also are thought to exhibit certain cooperative behaviors (Begall et al. 1999; Blumstein and Armitage 1999; Guichon et al. 2003) . The current study provides the 1st evidence that C. gundi may be a cooperatively breeding rodent. Both male and female offspring in social groups of C. gundi exhibited delayed dispersal, resulting in an overlap of generations within social groups. Reproductive suppression also was observed during this study as most individuals failed to reproduce during 2001. C. gundi also is known to engage in communal offspring care. Group members cooperate in the detection of predators and conspecific intruders (Gouat 1991; Gouat and Gouat 1989) , in watching offspring (in the wild, newborn juveniles generally remain within sight of adult females and older juveniles near the main crevice -Gouat 1988a) , and in grooming one another (Gouat and Gouat 1987b) . Furthermore, although 1 study has suggested that female C. gundi do not allonurse (Gouat 1985) , captive animals in Germany have been observed both to allonurse and to engage in communal offspring care (Honigs et al. 2002; Honigs and Greven 2003) . Taken together, these results suggest that C. gundi may be a cooperatively breeding rodent. However, this supposition must be confirmed with additional information on the extent of delayed dispersal and reproductive suppression during nondrought years.
Comparison with other ctenodactylid rodents.-This is the 1st extensive mark and recapture study of group composition and social structure for any ctenodactylid rodent. Although all 5 ctenodactylid species are thought to live in social groups, colony density seems to vary widely, ranging from 0.3 gundis/ ha in the widely dispersed Massoutiera mzabi (Mzab gundi) to a maximum of 237 gundis/ha for Pectinator spekei (Speke's pectinator -George 1981) . Preliminary field studies on a few colonies of M. mzabi and C. vali suggest that both of these species live in paired social groups (Gouat 1988a) . Pairs form in both species before the breeding season, but the 2 species differ in the length of time that the adult male remains within the social group. In the case of C. vali, males leave the group shortly after birth of the 1st litter, but before the birth of the 2nd litter, suggesting that females may have a prepartum estrus (Gouat 1988a) . In contrast, male M. mzabi wait until after the birth of the 2nd litter before leaving the social group (Gouat 1988a) . These preliminary field observations suggest that social groups of both C. vali and M. mzabi may represent serial monogamy (classified as a mating system in which individuals breed with 1 partner in a single breeding season, but different partners in sequential breeding seasons-Clutton-Brock 1989; Gouat 1988a). Population densities of both C. vali and M. mzabi were low in the above study, however, and it is possible that the difference in social group composition observed between these 2 species and C. gundi merely reflects a difference in female spacing (Brotherton and Komers 2003; Komers and Brotherton 1997) . Because female C. gundi often live in multifemale social groups, males can live with multiple females (Gouat 1988a (Gouat , 1991 ; this study); in contrast, because female C. vali and M. mzabi live solitarily and are widely dispersed, socially monogamous pairs form (Gouat 1988a) . Further comparative studies are needed to confirm whether female density and patchiness of rocky habitat affect the social structure of each ctenodactylid species and its propensity to live in paired family groups or multimale, multifemale colonies (Gouat 1988a; Ostfeld 1990; Travis et al. 1995) .
Future work: genetic assessment of group composition, mating system, and dispersal patterns.-Genetic analyses have often revealed discrepancies between observed social systems (as defined by male and female territorial overlap or social affiliation) and genetic mating systems (as defined by a female's actual number and choice of mates -Coltman et al. 1999; Travis et al. 1996; Wilmer et al. 1999) . It is therefore essential to assess genetically the reproductive success of males and females within multimale, multifemale social groups to best understand their occurrence. Genetic analyses of gundi communal groups with microsatellite genetic markers (Nutt 2003a ) are needed to obtain a more accurate assessment of social group composition, to determine how many individuals usually breed within a social group during nondrought years, and to confirm the extent of male and female natal philopatry.
